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neumonia is still a major health problem and
a leading cause of childhood mortality in
developing countries.1 Among children under
five years of age, three to five million deaths
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ABSTRACT
Background The World Health Organization has asked for a spe-
cial attention to the relation between pneumonia and indoor air
pollution, i.e., household biomass fuel smoke, cigarette smoke,
and mosquito coil smoke, especially in developing countries.
Objective To analyze the role of indoor air pollution and other
factors as risk factors for pneumonia in under-five-year children.
Methods This case-control study was carried out from August un-
til December 2000 at Public Health Centers in Banjarnegara,
Kebumen, Jepara, and Pekalongan districts. All children qualify-
ing pneumonia classification as recommended by WHO in IMCI
(Integrated Management of Childhood Illness) were defined as
cases and without pneumonia as controls. Severe pneumonia and
no pneumonia (as classified in IMCI) were excluded. Statistical
analysis was done using bivariate and logistic regression.
Results There were three hundreds and five children with pneu-
monia and 289 children without pneumonia. By bivariate analysis,
biomass fuel smoke (OR=3.25; 95%CI 1.50;7.07) and cigarette
smoke exposure from other family members (OR=1.63; 95%CI
1.11;2.38) were risk factors for pneumonia, while mosquito coil
smoke (OR=1.13; 95%CI 0.79;1.69) was not. History of wheezing
(OR=2.60; 95%CI 2.7;8.55), malnutrition (OR=2.60; 95%CI
1.33;5.07), and male sex (OR=1.47; 95%CI 1.06;2.04) were other
risk factors.
Conclusions Household biomass fuel smoke and cigarette smoke
were risk factors for pneumonia. Other variables as risk factors
were history of wheezing, male sex, and malnutrition  [Paediatr
Indones 2004;44:25-29].
Keywords: pneumonia, risk factors, indoor air pol-
lution, household biomass fuel smoke, cigarette smoke,
mosquito coil smoke.
had been attributed to ARI (Acute Respiratory
Infection) annually, of which 75% were caused by
pneumonia.2 Indonesian demographic health survey
reported that the prevalence of pneumonia in 1991 was
9.8% and in 1994 was 10%.3 Pneumonia may be caused
by virus, bacteria, or both. Respiratory Syncytial Virus
(RSV) is the most common agent of pneumonia,
especially in children aged between 6 months and 2
years, while in children more than 2 years of age, it was
Parainfluenzae virus, Influenzae A and B virus, and
Adenovirus. Streptococcus pneumoniae and Haemophilus
influenzae are the major bacterial causes of pneumonia
in children although Staphylococcus aureus, Klebsiella
pneumoniae, Pseudomonas aeruginosa, and Mycoplasma
pneumoniae are also common.2,4 Although all agree that
pneumonia is an inflammation condition, it is difficult
to find a universal definition of pneumonia. That is why
this study used WHO classification as recommended
by the Integrated Management of Childhood Illness
(IMCI). 5-7
The environment has an important role as a risk
factor in the incidence of pneumonia. Pio (1986)
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found three risk factors for pneumonia: low birth
weight infant, malnutrition, and air pollution.8 A study
in Sri Lanka found that malnutrition, history of wheez-
ing, low birth weight infant, passive smokers, male sex,
sleeping more than one person in a bed, no exclusive
breast feeding, and having domestic animals in house
as risk factors for pneumonia.9 A study in Kenya found
children who have more than 5 siblings, children who
have low educated parents were at risk to have pneu-
monia.10 Shah et al from India suggested to decrease
the incidence of pneumonia by intervention in
children’s nutrition, family and socioeconomic con-
dition, mother¢s ability in reading, ventilation, and
household biomass fuels.11 Chun-Yuh Yan et al and
Smith et al found that indoor air pollution is a risk
factor for pneumonia and lower respiratory infec-
tion.12,13 Indoor air pollution consists of household
biomass fuel smoke, cigarette smoke, and mosquito
coil smoke exposure. This study aimed to evaluate the
role of indoor air pollution and other factors as risk
factors for pneumonia in under-five children.
Methods
This was a case-control study to evaluate indoor air
pollution (household biomass fuel smoke, cigarette
smoke, and mosquito coil smoke exposure) and other
variables as risk factors for pneumonia in under-five
children.
The study was conducted at Puskesmas
Banjarnegara I, Klampok, and Madiraja I (Banjar-
negara District), Puskesmas Kedung, Jepara and
Bangsri (Jepara District), Puskesmas Karanganyar I,
Kebumen, Pejagoan and Prembun (Kebumen Dis-
trict), Puskesmas Kajen, Kedungwuni, and Sragi
(Pekalongan District) between August until Decem-
ber 2000. Some staffs of the Puskesmas had been
trained for IMCI before.
All under-five children admitted to Puskesmas
with pneumonia classification according to IMCI were
considered as cases. While under-five children who
did not meet the pneumonia classification and came
to the same Puskesmas were assigned as controls.
Children with severe pneumonia or severe disease clas-
sification were excluded from this study. Estimated
minimal sample size was calculated by case-control
Episcope 10.0 program with Zα=1.960, Zβ=1.28
(power=90%), OR=2, and P=10% (exposure frequen-
cies). Variables included were pneumonia as the depen-
dent variable and household biomass fuel smoke, ciga-
rette smoke, and mosquito coil smoke exposure as the
independent variables. Other variables such as, socio-
economic condition and children’s condition (sex, num-
ber of siblings, history of wheezing, malnutrition, and
ventilation) were also analyzed.
Pneumonia was defined if there were cough, dif-
ficult breathing, and fast breathing according to IMCI
(2–12 months of age: >50/minute, 1–5 years of age:
>40/minute), no sign of general danger, no chest
indrawing, no stridor in calm children. Household
biomass fuel smoke exposure was defined if children
were exposed to household biomass fuel smoke for
more than 3 hours/day in 3 months. Cigarette smoke
exposure was defined if one or both parents and other
family members smoke > 5 cigarettes in the house
in the last 3 months. Mosquito coil smoke exposure
was defined if children were exposed to mosquito
coil smoke every night for 3 months. Number of sib-
lings was classified as <6 or >6 in one house or <3
or >3 children in a bed during sleep. History of
wheezing was established if there was wheezing
breath sounds during expiration. Malnutrition was
defined if body weight by age was very low (below
the most bottom curve/red line at kartu menuju sehat/
growth chart). Ventilation was considered present if
a house had vent-holes. Socioeconomic condition
was determined based on questionnaire.
Results
By Episcope 10.0 program we found 308 respondents
for each case and control group. Because of limited
time, we found only 305 respondents for case and
289 for control group, consisted of 331 boys and 263
girls. The spans of age were 2-12 months (172
children) and 13-60 months (422 children). One
hundred and eighty-three children (30.9%) came
from Banjarnegara, 122 (20.7%) from Jepara, 157
(26.6%) from Kebumen, and 129 (21.8%) from
Pekalongan.
Data were divided into three groups: indoor air
pollution (Table 1), child condition (Table 2), and
socioeconomic condition (Table 3). Statistical analysis
was done by bivariate analysis(Table 4).
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India, Nigeria, Pakistan and Nepal. 9,10,13-15,17 Thomas
et al in their study in animals concluded that biomass
smoke exposure will alter local and systemic immune
response for bacteria.18 We found that cigarette smoke
exposure from father or mother was risk factors for
pneumonia which was not in accordance with previous
studies.3,19 Our study also showed that cigarette smoke
exposure from other family members was also a risk
factor for pneumonia (OR=1.63; 95%CI 1.11;2.38).
Discussion
The use of household biomass fuels (dung, crop residue,
wood, kerosene) for daily cooking causes release of bulk
of emission into living area. Bivariate analysis showed
that children exposed to household biomass fuel smoke
had three-fold risk to have pneumonia compared to
those not exposed (OR=3.25; 95%CI 1.50;7.07). It was
in accordance with studies in Gambia, Kenya, Tanzania,
TABLE 2. DISTRIBUTION OF CHILD CONDITIONS AS RISK FACTORS FOR PNEUMONIA
Pneumonia           Control
No. Child condition                     Categories n (%) n               (%)
1. Malnutrition yes 31          (12.4) 13             (5.1)
no 234        (87.6) 240           (94.9)
2. Number of siblings ≥6 39          (12.8) 48             (16.7)
≤5 266        (87.2) 240           (83.3)
3. Number of children ≥3 277        (74.4) 207           (71.6)
sleeping in one bed ≤2 78          (25.6) 82             (28.4)
4. History of wheezing yes 64          (22.6) 16             (5.7)
no 219        (77.4) 263           (94.3)
TABLE 3. DISTRIBUTION OF SOCIOECONOMIC CONDITION AS RISK FACTORS FOR PNEUMONIA
Pneumonia Control
No.   Socioeconomic       Categories n (%) n (%)
1. Father ‘s job farm worker 205 (69.7) 187 (68)
employee 89 (30.3) 88 (32)
2. Mother’s job farm worker 252 (85.1) 240 (87)
employee 44 (14.9) 36 (13)
3. Source of water well water 28 (9.4) 23 (8.1)
not well water 271 (90.6) 262        (91.9)
4. Defecation lavatory 117 (39) 101        (35.3)
river 183 (61) 185        (64.7)
5. Floor non cement 91 (30.2) 87          (30.4)
cement 210 (69.8) 199        (69.6)
6. Vent-hole present 45 (15.3) 36          (12.9)
absent 250 (84 .7) 244        (87.1)
TABLE 1. DISTRIBUTION OF INDOOR AIR POLLUTIONS AS RISK FACTORS FOR
PNEUMONIA
Pneumonia Control
No.     Indoor air pollutions             Category n (%) n (%)
1. Cigarette smoke from yes 240 (79.9) 203 (70.7)
other family members no 61 (20.3) 84 (29.3)
2. Cigarette smoke from yes 225 (93) 180 (88.7)
father no 17 (7) 23 (11.3)
3. Cigarette smoke from yes 12 (5) 7 (3.5)
mother no 227 (95) 192 (96.5)
4. Mosquito coil smoke yes 198 (69) 182 (66.4)
no 89 (31) 92 (33.6)
5. Household biomass smoke yes 294 (97) 261 (90.9)
no 9 (3) 26 (9.1)
Paediatrica Indonesiana
28 • Paediatrica Indonesiana, Vol. 44 No. 1-2 • January - February  2004
Cigarette smoke will decrease cilia function, destroy
ciliated epithelial cells which will be changed to
squamous cells, and decrease both local and systemic
humoral/cellular immunity.19,20 In this study, by
bivariate analysis, mosquito coil smoke was not a risk
factor for pneumonia but according to Smith et al it
has a tendency as a risk factor for asthma.13 Male sex
was 1.5 times at risk for pneumonia (OR=1.47; 95%CI
1.06;2.04) compared with female, which was the same
with studies done in Sri Lanka and Argentina.9,16 It
might be due to the smaller diameter of respiratory tract
in boys compared to girls or the difference in sex-linked
body resistance. Children with malnutrition was 2.6
times at risk for pneumonia (OR=2.6; 95%CI
1.34;5.07). Some studies reported that malnutrition will
decrease immunologic capacity for responding to
infection including pneumonia, disturb granulocyte
function, decrease complement function, and cause
micronutrient deficiency.10,21 Children with history of
wheezing were found 4.8 times at risk for pneumonia
compared to children without (OR= 4.8; 95%CI
2.70;8.55), which was in accordance with a previous
study.9 Children with history of wheezing have risks for
respiratory tract defect, disturbed mucus integrity and
ciliated cell, and decreased local and systemic humoral/
cellular immunity.22
We concluded that household biomass fuel and
cigarette smoke were risk factors for pneumonia. Other
variables as risk factors for pneumonia were history of
wheezing, male sex, and malnutrition.
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